
Introduction. Obesity and related diseases
constitute a major health problem in modern
society. It is associated with an increased risk of
type 2 diabetes mellitus (T2DM), cardiovascular
disease, stroke and certain types of cancer. The
WHO has estimated that worldwide as many as
1.6 billion adults are overweight with at least 400
million of them clinically obese. Presumably by
2025, 40 % of men and 50 % of women will be
obese [1, 2]. All of this has led to an increased
recognition of the «metabolic syndrome» (MS) as
a prediabetic state. The MS (syndrome X or
insulin resistance syndrome) is characterized as
a cluster of metabolic abnormalities that include
central obesity, impaired glucose tolerance,
elevated triglycerides, dyslipidemia, hyperten�
sion and subclinical chronic inflammation or
prothrombotic states [3]. 

Although over 80 % of all individuals with
T2DM are either overweight or obese [4], not
everyone suffering from obesity is equally at
risk. As a matter of fact, the majority of obese
individuals do not develop diabetes. Why is it so?
The answer to this question is as follows.
Different fat distributions are associated with
different degrees of metabolic risk. Central/vis�
ceral obesity in particular is associated with
impaired glucose tolerance and T2DM [5].
However, the molecular mechanisms underly�
ing the obesity�related complications are com�
plex and not fully understood. It has been noted
that metabolic abnormalities found in diabetes
and MS are similar to those observed in syn�
dromes of prolonged glucocorticoid excess in
blood (Cushing’s syndrome) [3]. However, in
patients with simple obesity or MS, the plasma
glucocorticoid level is not notably elevated,
whereas the metabolic clearance of these hor�
mones or their metabolites is increased [6�8]. It
has been hypothesized that local glucocorticoid
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generation is enhanced in white adipose tissue,
and that the 11�β�hydroxysteroid dehydroge�
nase (11β�HSD) enzyme type 1 plays an essential
role in this process. Recent studies have demon�
strated that 11β�HSD1 is a novel molecular tar�
get for treating MS and T2DM, and that com�
pounds inhibiting the activity of this enzyme
provide promising opportunities for the deve�
lopment of therapeutic interventions [9�11].

The aim of our review is, first of all, to explain
the importance of glucocorticoids in MS, to high�
light some approaches that have been explored
in an effort to find possible ways of reducing the
action of these hormones in the liver and adipose
tissue (as a basis for novel therapies of T2DM)
and, finally, to survey structural types of 11β�
HSD1 inhibitors.

The role of 11ββ�HSD1 in obesity and insulin
resistance. Glucocorticoids (cortisol in humans
or corticosterone in rodents) are hormones that
play an important role in the body’s response to
stress as well as regulate energy metabolism and
modulate inflammatory and immune responses.
They promote gluconeogenesis in the liver and
oppose the action of insulin by directly inhibi�
ting β�cell insulin secretion in the pancreas and
peripheral glucose uptake in the muscle. Gluco�
corticoids also increase lipolysis in adipose tissue,
leading to fatty acid mobilization when the insu�
lin action is low [12�16].

Cortisol is produced by the adrenal cortex
and regulated by adrenocorticotrophic hormone
(ACTH) under the control of the hypothalamic�
pituitary�adrenal axis (HPA) (Fig. 1). ACTH pro�

duction is induced by the corticotrophin�releas�
ing factor (CRF), released from the hypothala�
mus, and by adrenalin in stress situations. By a
negative feedback regulation, glucocorticoids
inhibit their own production by decreasing the
synthesis and release of CRF and of arginine
vasopressin. About 96 % of the circulating 11�
hydroxy glucocorticoids are protein�bound with
6 % to albumin and 90 % to corticosteroid bind�
ing globulin�α (CBG, transcortin). The «free
hormone hypothesis» suggests that glucocorti�
coids bound to serum proteins are unable to en�
ter a target cell and are therefore inactive; thus,
the concentration of unbound «free» hormone at
the target cell determines biological action [17].
The inactive 11�ketoglucocorticoids cortisone
and 11�dehydrocorticosteron have low affinities
to bind to CBG and albumin. They exist mostly
in the free form and are able to enter target
cells, where they undergo conversion to their
active 11β�hydroxy forms. At a tissue�specific
level, the glucocorticoid action is tightly contro�
lled by 11β�HSD enzymes [18].

Almost 60 years ago D. Amelung and his co�
workers discovered the enzymic interconversion
of active 11�hydroxy glucocorticoids (cortisol,
corticosterone) and inert 11�keto forms (cortiso�
ne, 11�dehydrocorticosterone) [9]. Two types of
the 11β�HSD were identified. 11β�HSD1 is an
NADPH�dependent enzyme, which converts in�
active 11�keto forms of glucocorticoids to their
active forms (cortisol, corticosterone) within the
cells of key metabolic tissues including liver,
adipose tissue, skeletal muscle and brain (Fig. 2).
It belongs to the short�chain dehydrogenase/
reductase family of enzymes, and contains 292
amino acid residues. However, the reductase
activity predominates in vivo owing to the redox
potential maintained by the NADPH�genera�
ting enzyme hexose�6�phosphate dehydroge�
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Fig. 1. Schematic representation of glucocorticoid
metabolism and action.
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nase (H6PDH) in the endoplasmic reticulum
(ER) compartment [18�21].

Functionally, the enzyme 11β�HSD1 may be
divided into four important regions. The trans�
membrane domain (residues 1�23 in humans),
enabling the enzyme to attach itself to the lumen
of the ER, the nucleotide binding domain (Ros�
smann fold), the catalytic site, and the C�termi�
nal domain which plays an important role in the
oligomerisation of the enzyme. Ser170�Tyr183�
Lys187 — these three residues form the cataly�
tic site, orient the substrate, and catalyze the
proton transfer to and from the reaction inter�
mediates [21�23]. 

An excessive 11β�HSD1�dependent local cor�
tisol production increases hepatic glucose output
and decreases glucose uptake in adipose tissue
and skeletal muscles. Besides, it stimulates lipol�
ysis, thereby leading to higher levels of free fat�
ty acids, which contribute to the adverse meta�
bolic effects of glucocorticoids. An elevated local
cortisol level antagonizes the effects of insulin
and leptin, thus contributing to the development
of insulin resistance and T2DM [10, 11, 18]. In
humans, the expression of 11β�HSD1 in adipose
tissue is positively correlated with the degree of
obesity and is acquired independently of genetic
factors. This hypothesis was put forward in the
investigation of young adult monozygotic twins,
one of which was obese and the other lean. The
11β�HSD1 expression was elevated in obese twins
as compared with their lean counterparts [24].

11β�HSD2 is a NAD+�dependent dehydroge�
nase that catalyzes the reverse reaction of inac�
tivating cortisol to cortisone. It contains 405 ami�
no acid residues. Enzymes of this type are main�
ly localized in the mineralocorticoid receptor
(MR) target tissues such as kidney, colon, sali�
vary gland and the placenta where they func�
tion to protect the nonselective MR from exces�
sive exposure to cortisol. The inhibiting activity
of the 11β�HSD2 generates sodium retention,
hypokalemia and hypertension [18, 25]. Thus,
any 11β�HSD1 modulator would need to demon�
strate selectivity over 11β�HSD2.

It has been hypothesized that decreasing the
glucocorticoid activity in adipose tissue and liver
might protect against obesity and MS [10, 11].

A potential role for 11β�HSD1 inhibitors in
metabolic disease has been established with the

help of rodent pharmacodynamic models for MS
or diabetes, such as genetically obese Zucker
rats and transgenic mice [26�29]. The results of
these experiments are summarized in Table 1. 

On the one hand, rodents over�expressing
11β�HSD1 in adipose tissue or liver (aP2�HSD1
or apoE�HSD1 transgenic mice) exhibit several
features of MS including abdominal obesity,
glucose intolerance, dyslipidemia and others. On
the other hand, the 11β�HSD1 knockout mice
are resistant to diet�induced obesity and exhibit
improved insulin sensitivity and lipid profiles.
The administration of specific 11β�HSD1 inhibi�
tors in animal models of insulin resistance led to
improved hyperglycemia and insulin sensitivity
[26, 28, 29]. 

Thus, selective inhibition of 11β�HSD1 has
therefore been proposed as a novel drug target
for treatment of disorders associated with corti�
sol excess such as obesity, insulin resistance and
T2DM. Also, 11β�HSD1 inhibitors have been
postulated to have a beneficial effect on cogni�
tive impairment and other associated conditions
[30, 31].

Development of 11ββ�HSD1 inhibitors. All
known inhibitors of 11β�HSD1 could be divided
into several groups: endogenous substances,
exogenous natural products and their deriva�
tives, and, finally, synthetic small organic mole�
cules from different classes of heterocyclic com�
pounds.

Several endogenous steroids, including prog�
esterone, its metabolite (3α�5α�tetrahydro�11β�
hydroxyprogesterone) and androgen metaboli�
tes such as 3α,5α�tetrahydro�11β�hydroxy�
testosterone, have proved to act as inhibitors of
11β�HSD enzymes, although none of the report�
ed compounds is selective [32]. Furthermore,
several bile acids, such as chenodeoxycholic
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11 �HSD1  
over�expressing rodents

11 �HSD1 
knockout mice

• Increased corticosterone 
production rate 
• Heavier weight and increased 
appetite 
• Visceral obesity
• Hyperglycemia / Insulin 
resistant diabetes
• Hypertentsion and 
hyperlipidemia

• Reduced weight gain 
• Improved insulin 
tolerance 
• Reduced visceral fat 
accumulation 
• «Diabetes�resistant» 
phenotype

Table 1
The role of 11β�HSD1 in metabolic disease



acid, inhibit 11β�HSDs, although their effect is
not specific and rather weak [33]. 

One of the first described and most widely
known 11β�HSD inhibitors is glycyrrhizic acid, a
compound derived from licorice, and its hydro�
lytic product glycyrrhetinic acid 1 (GA). Licorice
is prepared from the plant Glycyrrhizia glabra.
It has been used in medicine for over a thousand
years. On the basis of 18β�glycyrrhetinic acid,
the hemisuccinate carbenoxolon 2 (CBX) was
synthesized for anti�ulcer treatment. As an anti�
ulcer agent, it has been in use for almost 50 years
[18, 34, 35]. CBX demonstrates liver�specific
inhibition of 11β�HSD1, observed in both obese
Zucker rats and humans with type 2 diabetes
[35�40]. GA and CBX are potent inhibitors of
11β�HSD1, with IC50 in the nanomolar range.
CBX gets bound to the active site of the enzyme
by means of interacting with Leu 217, Ser 170
and Tyr 183 as well as with the co�factor [41]. 

Nevertheless, the pharmaceutical use of GA
and CBX is limited by their unspecific action.
Both compounds are also potent inhibitors of
11β�HSD2, which explains the undesired miner�
alocorticoid mediated side effects [42]. Besides,
CBX has been reported to have a limited ability
to penetrate adipose tissue, the target tissue
where 11β�HSD1 inhibition is thought to be
important for mitigating insulin resistance [43]. 

Other examples of natural 11β�HSD inhibi�
tors are abietic acid 3, a compound contained in
wood products and used in cosmetics because of
its anti�irritant and anti�inflammatory effects
[44], as well as flavonoid naringenine 4 found in
grapefruit juice [45], and anthraquinone emodin
5, an active ingredient of Rheum palmatum. A
recent investigation has proved the latter sub�
stance to be a potent and selective 11β�HSD1
inhibitor with the IC50 of 186 and 86 nM for
human and mouse enzymes respectively [46].

Interestingly enough, coffee has also been
examined as a potential 11β�HSD1 inhibitor due
to an antidiabetic effect that coffee consumption
is supposed to have. Inhibition of 11β�HSD1 tur�
ned out to be seven� to tenfold higher than that

of 11β�HSD2. Although coffee clearly demon�
strates an inhibitory effect, it has not yet been
established what kind of compounds contained
in coffee are responsible for this action. It is also
unknown whether the compounds in question
are readily absorbed following oral ingestion
[47].

Although the enzyme 11β�HSD1 was given a
comprehensive scientific description back in the
1960s, it is only in 2001 that the first patent con�
cerning its inhibitor was claimed. Today, 25 labo�
ratories all over the world are investigating va�
rious classes of 11β�HSD1 inhibitors to find a
potential treatment for metabolic diseases [40].
The modern approaches to the development of
inhibitors makes use of the available target en�
zyme crystal structures for the purpose of struc�
ture�based design. The Protein Data Bank con�
tains information on eighteen crystal structures
of human 11β�HSD1 [48�52]. There are two
structures of the mouse protein [52, 53] and
three structures of the guinea pig protein [52,
54]. The availability of 11β�HSD1 crystal struc�
tures with their bound inhibitors helps to dis�
cover and design more potent and selective
inhibitors. The crystal structures of rodent 11β�
HSD1 are considerably different from those of
the human enzyme; therefore designing a com�
pound to inhibit the rodent enzyme will proba�
bly not produce the optimal inhibitor for the
human enzyme. However, since numerous in
vivo pharmacological studies are being carried
out on rodents, it is useful for inhibitors of
human 11β�HSD1 to also inhibit the rodent
enzyme.

Several classes of 11β�HSD1 inhibitors are
currently under investigation, many of them
with nanomolar inhibition kinetics and reason�
able metabolic profiles. The major chemical
series of 11β�HSD1 inhibitors are shown below. 

These compounds evolved from the hits iden�
tified by high�throughput screening of internal
compound collections using an isolated human
11β�HSD1 enzyme. Then they have been stud�
ied in animal models of obesity, T2DM and
atherosclerosis. Some patents list over 1000
examples of active compounds that display IC50

values of 0.4�1000 nM in enzyme assays and
demonstrate improvement of metabolic param�
eters including reduced food intake, decreased
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glucose levels, enhanced insulin sensitivity, im�
proved lipid profiles and reduced atherosclerot�
ic plaque progression in experiments in vivo [40,
55, 56]. Unfortunately, in many cases the struc�
tures or biological activities for specific com�
pounds are not disclosed in the patents. The first
and probably best�described 11β�HSD1 inhibi�
tors belong to the class of arylsulfonamidothi�
azoles, e.g. compound 6. In vitro they inhibit 11β�
HSD1 at nanomolar concentrations, with a se�
lectivity of at least 200�fold over 11β�HSD2 [57].

It has been discovered that adamantyl[1,2,4]
triazolo[4,3�a]azepine 7, the so�called compound
544, is a potent and selective inhibitor of 11β�
HSD1, although it only displays a short�lived
inhibition of murine 11β�HSD1 in vivo [58]. Mo�
difications of the 1,2,4�triazole series led to seve�
ral variable structural classes. All compounds 8�
11 act against the human and mouse enzymes
with compound 11 being the most potent in

either case [59]. To put this in perspective, com�
pound 8 displays an IC50 value of 2.2 nM, a good
selectivity against 11β�HSD2 and a long�lived
inhibition of murine 11β�HSD1 in vivo [60].

A series of 11β�HSD1 inhibitors containing
pyrazole 12�14 or pyrazolone 15 core [61, 62], 2�
aminothiazolone moiety 16�18 [63�65] and oxa�
zole ring 19, 20 [66] have also been published.
Compound 17 displays good potency against the
recombinant enzyme (Ki=22 nM), in cellular
assays (IC50=33 nM) and has low clearance and
high bioavailability in rats [64]. The 2�amino�
thiazolone 18 known as AMG�221 has entered
Phase 1 clinical trials [35].

Cycloalkyl acetamides containing bulky
lipophilic groups, such as adamantanyl ring sys�
tems, adjacent to the amide group (see, for
instance, compounds 21�24), have been patent�
ed and published by a number of different com�
panies [67�73]. Compound 22, has been proven to



exert a potent and selective activity in enzyme
and cellular assays [72]. Adamantanyl derivative
23 displayed high levels of inhibition of 11β�
HSD1 in liver, and moderate levels in fat and
brain after 16 hours of binding, with a good
pharmacokinetic profile and moderate microso�
mal stability [73]. The similar 5�methylsulfonyl
derivative 24 displayed potent tissue inhibition
of 11β�HSD1 in liver, fat and brain, as well as
high bioavailability, moderate clearance and a
good volume of distribution in mice [74]. The
crystal structures of these and similar compo�
unds bound to human 11β�HSD1 also have been
published. The structures show that the ada�
mantanyl group binds close to the nicotinamide
of NADP+, while the carbonyl of carboxamide
group interacts with the residues Ser170 and
Tyr183 in the catalytic site of the enzyme. The
gem�dimethyl phenoxy group of each compo�

und sits in the hydrophobic cavity towards the
mouth of the binding pocket [74].

A variety of amides and sulfonamides that
contain bicyclic and bridged cycloalkylamine or
adamantanyl fragments (e.g. compounds 25 and
26) have been obtained [40, 75]. Sulfonamide 25
displays an IC50=44 nM. Potency of amide 26 list�
ed in the patent [75] is not disclosed.

Lactams represent a distinct class of 11β�
HSD1 inhibitors. Many examples in this class of
inhibitors contain a central pyrrolidin�2�one
group, which is substituted at both the 1� and 3�
positions such as compounds 27 and 28 [76].
Other examples (29 and 30) contain a pyrrolidin�
2�one or imidazolone group as a part of the tri�
cyclic or spiro system [77].

A variety of highly potent 11β�HSD1 inhibi�
tors contain a substituted pyridine�2�yl amino�
sulfonyl scaffold. Typical examples are 31 and
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32. Many of these compounds contain a 4�ben�
zonitrile substituent as a common motif [78, 79].

Diazepane�acetamide derivatives 33 repre�
sent a novel class of potent and selective small
molecule 11β�HSD1 inhibitors with a great po�
tential for optimization in terms of pharmaco�
logical applications [80, 81]. The variability of R1,
R2 and R3 fragments allows extensive modifica�
tion of the diazepane�acetamide structure with
a considerable potential for optimization of their
pharmacokinetic properties, target selectivity
and species specificity. 

Sulfonylpiperazin derivative 34 is known as a
compound HSD�016 and is considered to be a
potent, selective, and efficacious 11β�HSD1 in�
hibitor and advanced as a clinical candidate [82].

Thus, a wide range of chemotypes are capa�
ble of effectively inhibiting 11β�HSD1, suggest�
ing that the enzyme active site has sufficient
flexibility to accommodate a range of groups.
Crystallographic studies of various compounds
have suggested this observation [48�54]. Howe�
ver, lipophilic groups predominate in the majori�
ty of examples. Naturally, this enzyme is exp�
ressed predominantly in high lipophilic cells and
tissues, and its substrate is largely hydrophobic.
At the same time, the prevalence of lipophilic
moieties in most inhibitors implies potential prob�
lems with solubility and metabolic stability. Most
inhibitors contain a central group, such as an
amide, sulfonamide, lactam or heterocycle, which
is able to form a hydrogen bonding interaction
with the co�factor and key aminoacid residues,
such as Ser170 and Tyr183, in the active site of
11β�HSD1. These groups may also improve the
physicochemical characteristics of these com�
pounds, thus enhancing their solubility. 

Limitations for development of 11β�HSD1
inhibitors are: the species�specificity of many of
the compounds (the most potent inhibitors of
human 11β�HSD1 are difficult to assess in ro�
dent models); the proportionate inhibition of the
enzyme that is required for its therapeutic
effect (the extent to which intracellular cortisol
is lowered in different tissues in humans by inhi�
bition of 11β�HSD1). The function of 11β�HSD1
in brain and testis is not fully understood, and
tissue�specific inhibition of the enzyme might be
needed for optimal therapeutic benefit. More�
over, glucocorticoids are powerful anti�inflam�

matory agents, and are important for investigat�
ing the consequences of prolonged inhibition of
11β�HSD1 in the treatment of patients with me�
tabolic syndrome with respect to acute and
chronic inflammation in order to avoid pro�in�
flammatory complications [50, 56, 74].

Following the description of potential rever�
sibility of enzyme activity in mice with H6PDH
deficiency, an 11β�HSD1 inhibitor in some cases
might increase, rather then decrease, intracellu�
lar cortisol concentrations [83]. 

Another source of adverse effects related to
the 11β�HSD1 inhibition is that the metabolic
clearance rate of cortisol is enhanced and that
there will be a compensatory activation of the
HPA axis to maintain normal blood cortisol con�
centration. This has been confirmed in preclini�
cal studies with novel selective 11β�HSD1 inhi�
bitors. In rats treated with these compounds, the
adrenal gland increased in weight while the cir�
culating corticosterone concentration remained
unchanged, suggesting activation of the HPA
axis [84]. 

The selectivity of inhibitors is of supreme
importance in the prevention of any side effects
associated with the ligands binding non�selec�
tively to 11β�HSD2 or even to other hydroxys�
teroid dehydrogenase enzymes such as 17β�HSD
or 17α�hydroxylase. As it was mentioned above,
the inhibition of 11β�HSD2 leads to an over�acti�
vated MR, resulting in hypokalemia (potassium
deficiency) and hypernatremia (elevated sodi�
um levels), which, in turn, would lead to hyper�
tension. However, this problem might be easily
resolved at the stage of pre�clinical trials involv�
ing novel inhibitors. 

The binding of inhibitors to alternative
hydroxysteroid dehydrogenase enzymes would
interfere with sex steroid metabolism, e.g. 17β�
HSD inhibition would affect local estrogen
metabolism [85]. Due to the fact that rodents
lack the 17α�hydroxylase enzyme in the adrenal
[86] and are unable to synthesise C�19 steroids
such as dehydroepiandrosterone, this does not
cause adverse effects in rats. However, in the
human adrenal 17α�hydroxylase is present, so
stimulating adrenal steroidogenesis indirectly
by inhibiting 11β�HSD1 is almost certain to aug�
ment adrenal androgen production and result in
hirsutism in susceptible women [35]. 

Development of 11β�HSD1 inhibitors for the treatment of metabolic syndrome
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Despite the above�mentioned potential limi�
tation, 11β�HSD1 inhibition remains an attrac�
tive therapeutic target for treating T2DM, obe�
sity and MS. Since 2007, some compounds have
been the objects of clinical development: INCB�
13739, AMG�311(or BVT�3498) (undisclosed
structures), AMG�221 (19), PF�915275 (33), and
HSD�016 (34) [35, 40, 56, 82]. Results from a dou�
ble�blind placebo�controlled Phase IIb clinical
trial involving over 300 patients with T2DM
showed that treatment with once�daily doses of
INCB�13739 significantly improved glycemic
control, as measured by HbA1c, insulin sensiti�
vity and total�cholesterol levels [87]. 

Finally, if 11β�HSD1 inhibitors as novel phar�
macological agents are to be developed, where is
their place in modern arsenal of anti�diabetic
drugs? The current oral treatment options for
T2DM include biguanide metformine, sulfonyl�
urea or thiazolidinedione derivatives, slow
digestion oligosaccharides as glycosidase inhibi�
tors and the recently introduced dipeptidyl pep�
tidase�4 (DPP�4) inhibitors [87, 88]. From this
arsenal, only metformine and thiazolidinediones
are insulin sensitizers that are well accepted as
agents for MS treatment. Metformine decreases
hepatic glucose production and enhances muscle
sensitivity to insulin [89]. Thiazolidinediones
improves peripheral and hepatic insulin sensi�
tivity. However, these drugs have numerous ad�
verse effects (metformine causes lactoacidosis;
sulfonylureas can produce hypoglycemia and
weight gain; the latter, along with cardio�
vascular risk, is associated with thiazolidinedi�
ones [90]; DPP�4 inhibitors may interfere with
the immune system, and side effects of upper

respiratory tract infections also have been
reported [91]). The 11β�HSD1 inhibitors’ advan�
tage over sulfonylureas and thiazolidinediones is
that they are unlikely to induce weight gain.
They also have a positive effect on lipid param�
eters and atherosclerosis markers. Current
methods of T2DM and obesity treatment target
each metabolic defect and cardiovascular risk
factor separately. The development of a drug
that could selectively reduce the GR activation
has the potential to improve within a single
agent many of the metabolic abnormalities asso�
ciated with T2DM and obesity. The influence of
single inhibitors on the MS individual compo�
nents might be modest but their combined
effects will amount to substantial cardioprotec�
tion. Apart from treating MS, 11β�HSD1 inhibi�
tors also have the potential to be an effective
treatment for impaired cognition [30, 31, 56, 87].
However, proving the cardioprotective and
cerebral effects of these agents will require a
long and expensive clinical trial program.

Conclusion. To sum up, the therapeutic chal�
lenge is to design drugs that would provide me�
tabolic benefits without causing major side
effects. Despite the potential adverse effects
mentioned above, 11β�HSD1 inhibition remains
an attractive therapeutic target for treating
T2DM, obesity and MS, with significant poten�
tial advantages over existing treatment options.
A large variety of chemical series of compounds
with this activity type holds promise of clinical
success in developing this class of anti�diabetic
drugs.
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Розробка інгібіторів 11ββ�HSD1 для впливу на метаболічний синдром 
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Резюме. 11β�Гідроксистероїд дегідрогеназа (11β�HSD1) — фермент, який конвертує неактивні 11�кетоглюко�
кортикоїди в їх активні 11β�гідроксиформи в печінці, жировій тканині та скелетних м’язах. Хронічно підвищений
рівень активності цього ферменту спричиняє ожиріння, розвиток метаболічного синдрому (МС), інсулінорезис�
тентності, цукрового діабету 2 типу (ЦД2) і кардіоваскулярних ускладнень. Гальмування 11β�HSD1 запропоновано
як стратегію зниження активності глюкокортикоїдів на тканинно�специфічному рівні. Велика кількість інгібіторів
11β�HSD1 з різних рядів азотовмісних гетероциклів нині знаходиться на різних стадіях досліджень як потенційні
засоби впливу на МС і ЦД2.

Ключові слова: 11β�гідроксистероїд дегідрогеназа, кортизол, метаболічний синдром, ожиріння, розробка ліків.
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